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Materials
The compounds (P)-1, (P)-2, (M)-2, (M)-3 were synthesized as described before. 
Determination of hetero-double-helix formation <Three-state experiments>
A solution of (P)-1/(M)-3 (1:1) in toluene (total 0.25 mM) was heated to 70 °C for 10 min, and cooled to 5 °C. CD and UV-vis analyses were conducted after settled for 0 min, 80 min, 5 h, 10 h, and 15 h. After 15 h, the solution was allowed to settle at room temperature for 4 days, cooled to 5 °C, and settled for 18 h. Then, CD and UV-vis analyses were conducted. Figure S1 . CD (a) and UV-vis (b) spectra of (P)-1/(M)-3 (1:1) in toluene (total 0.25 mM) at different periods of time.
<DLS analysis>
A solution of (P)-1/(M)-3 (1:1) in toluene (0.25 mM) was heated to 70 °C for 10 min, and DLS analysis was conducted to provide an average diameter of 0.62 nm for random-coil 2A. Then, the solution was cooled to 5 °C, and was allowed to settle for 60 h. DLS analysis was conducted to provide an average diameter of 8.7 nm for hetero-double-helix C. Figure S2 . DLS experiments of (P)-1/(M)-3 (1:1) in toluene (total 0.25 mM) at 70 °C (red line) and 5 °C (blue line).
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<Determination of S-states>
A solution of (P)-1/(M)-3 (1:1) in fluorobenzene (total 0.5 mM) was heated at 70 °C for 10 min to provide a random coil 2A solution, and CD and UV-vis analyses were conducted. Then, the solution was cooled to 20 °C for 20 min to provide a hetero-double-helix B solution, and CD and UV-vis analyses were conducted. The solution was allowed to settle at room temperature for 3 days and then at 20 °C for 1 h to provide a hetero-double-helix C solution, and CD and UV-vis analyses were conducted.
A solution of (P)-1/(M)-3 (1:1) in fluorobenzene (total 1.0 mM) was heated at 80 °C for 10 min to provide a random coil 2A solution, and CD and UV-vis analyses were conducted. The solution was cooled to 20 °C for 20 min to provide a hetero-double-helix B solution, and CD and UV-vis analyses were conducted. The solution was allowed to settle at room temperature for 4 days and then at 20 °C for 1 h to provide a hetero-double-helix C solution, and CD and UV-vis analyses were conducted.
Identical CD and UV-vis spectra of 0.5 and 1.0 mM solutions determined the equilibrium shifted Sstates of A, B, and C solutions. 
Temperature oscillation experiment
A solution of (P)-1/(M)-3 (1:1) in toluene (total 0.25 mM) was heated to 70 °C for 10 min, cooled to −5 °C at the rate of 2.0 K/min. Then, temperature was oscillated between -5 and 38 °C at the rate of 2.0 K/min (Figure 4a ).
The experiment was repeated 3 times to confirm reproducibility as shown in Figure S8 . 
Determination of equilibrium state <Cooling experiments>
Solutions of (P)-1/(M)-3 (1:1) in toluene (total 0.25 mM) were heated at 70 °C for 10 min. Then, the solutions were cooled to 60, 50, 40, and 30 °C, and were allowed to settle for 30 min. Then, Δε (315 nm) were obtained ( Figure S17 ). At 40 °C, the solution was allowed to settle for 4 days, and confirmed not to change by Δε (315 nm). The experiment was conducted by cooling the solution to 25 °C and allowing to settle for 10 days. Then, Δε (315 nm) and CD spectrum were obtained (Figures S17 and S18c).
<Heating experiments>
Solution of (P)-1/(M)-3 (1:1) in toluene (total 0.25 mM) were heated to 70 °C for 10 min. Then, the solutions were cooled to 5 °C, and was allowed to settle for 4 to 8 days, which provided CD spectra for C ( Figure S18a) . Then, the solutions were heated to 20, 25, and 30 °C, and were allowed to settle for 3 to 5 days. CD spectra were obtained during the process (Figures S18b, 18c , and S18d).
Another solution was heated at 90 °C for 10 min, snap-cooled to -35 °C for 15 min, and heated to 25 °C. The solution was allowed to settle for 10 days, and CD spectrum was obtained ( Figure S18c ).
An equilibrium curve was obtained by the above experiments ( Figure S17 ). Figure S18 . Equilibrium states for of (P)-1/(M)-3 (1:1) in toluene (total 0.25 mM) shown by Δε (315 nm)/temperature profiles. Cooling experiment (red diamonds): Solutions were heated to 70 °C, cooled to 60, 50, 40, and 30, and were allowed to settle for 30 min. Then, Δε (315 nm) were obtained. A solution was cooled to 25 °C, and was allowed to settle for 10 days. Then, Δε (315 nm) and CD spectrum were obtained. Heating experiment (blue circles): Solutions were heated to 70 or 90 °C, cooled to 5 or -35 °C, heated to 30, 25, and 20 °C, and were allowed to settle for several days. Then, CD spectra were obtained ( Figure S18 ). Arrows indicate changes of Δε (315 nm) under isothermal condition. 
